Under certain conditions, steady boiling occurred, but boiling generally had a tendency to become unstable, and flow patterns representing violently pulsating boiling were observed. These latter flow patterns were either of single bubble ejection type with expulsion and subsequent re-filling of sections of the tube mainly by liquid sodium falling back from above, or else of slug type with periodical expulsions, without fall-back of liquid.
For these patterns of pulsating boiling, the frequencies of oscillation ranged from 0.5 to 1.0Hz. The film thickness remaining on the channel wall was also measured.
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The safety of the liquid metal fast breeder reactor (LMFBR) is strongly dependent on the behavior of the sodium during boiling and expulsion.
With respect to expulsion, theoretical(1) and eximportance of slug type coolant ejection phenomena for LMFBR safety analysis. It has been shown that the film of liquid left behind on the channel wall during an expulsion is a significant characteristic of the process. Up to date in most boiling boiling initiation was indicated to be characterized by violent slug type ejection.
In the previous report, the authors have shown that incipient boiling occurs not only with violent single bubble ejection but also with slow vapor formation. The test section is made of a Hastelloy X tube with an outer diameter of 17.3mm, a wall thickness of 1.2mm and a heated length of 1,020mm. Direct heating was applied by passing a direct
The sodium temperature at the inlet and outlet were measured by means of thermocouples Tin and Tout. They were mounted on the outer surface of wall. Flow rate at the inlet of the test section:
Steady boiling was observed for about 10sec or more in a number of runs.
Violently pulsating boiling with expulsion and subsequent re-fillingmainly by the liquid sodium falling back from the upper part of the test section, and with periodical expulsion were also observed. There was a tendency for the violent incipient boiling or the violently pulsating boiling to change into steady boiling, when the boiling continued. If the boiling initiated in Sec. I, the boiling front moved from that section downwards toward the lower part of the test section in a manner dependent upon the input power. When the boiling was maintained for more than 1min, the outlet temperature approached a constant value that depended on the pressure, as shown in Fig. 2 . The dependence on pressure would indicate that saturation boiling occurred in the range of pressure covered, i. e., in the vicinity of atmospheric pressure. But the actually observed temperatures were lower than the saturation temperature corresponding to the pressure. This may be explained by the fact the outlet temperature was measured at the outside of the tube wall, and the actual sodium temperature inside the tube would have been higher. The boiling pattern is considered to depend on the stability of the sodium feeding system to the test section and the input power. It was also observed that the steady boiling continued for a period sometimes attaining almost a minute or so, after which the boiling abruptly became unstable as shown by the time mark t1
in Fig. 4 and subsequently unstable boiling set in as shown by the time mark t2. In a few experiments steady boiling continued up to several minutes until the input power was taken off.
The position of boiling initiation is roughly estimated from the fluid resistance of each section obtained above.
The boiling flow pattern is considered to be an annular flow as shown by the solid line in Fig. 1 . It is assumed that the film thickness at the section of boiling initiation is 1.0 mm corresponding to a void fraction of about 75% as shown by the dotted line in Fig. 1 Similar results as obtained here have been reported by Schlesiek (6) .
His report, however, does not give a clear correspondence with the boiling flow regime.
Probably in his experiment the boiling flow regime varied extensively owing to the high heat flux supplied by indirect heating.
In Table 1 Comparison of experimental and calculated results
Fig. 6 (a) Behavior of single bubble ejection flow pattern
It is considered that the discrepancy between is due to the assumptions adopted in the estimation from the experimental data. The resistance of the two-phase sodium, i. e., the first term of Eq. (4), has been obtained assuming that the film thickness is 1.0mm, that the fluid resistance of the liquid phase in Sec. III is equal to that in Sec. IV, and neglecting the increase of resistance of liquid phase due to temperature rise. Therefore the resistance of the two-phase fluid would be overestimated and the heat input in the part of two-phase in Sec. III also overestimated. Hence may be questionable that the slip ratio is constant in the flow direction on account of the variation of the void fraction and quality, the influence of variation of void fraction and quality on the slip ratio is considered to be small.
Violently Pulsating Boiling
Violently pulsating boiling can be classified into two types according to the boiling flow patterns: (1) violently pulsating boiling with alternate ejection and re-filling of the test section mainly with the re-entrant liquid sodium from the upper part of the test section; (2) violently pulsating boiling with periodic ejections without liquid falling back from above. We call the former pattern "single bubble ejection" and the latter "slug ejection ".
Single Bubble Ejection: Figure 3 (b) shows a case of violently pulsating boiling with oscillatory ejection and re-filling of the test section under conditions of natural circulation. For this case, the variation of the fluid resistance of each section obtained from Eq. (1), the input power of each section, the flow rate, and the void fraction are shown in Fig. 6 (a) . Figure 6 (b) which is derived from the variation of fluid resistance of each section in Fig. 6 (a) and the signals of potential taps in Fig. 3 (b) indicates the estimated flow pattern in the test section.
It is indicated in Fig. 6 that the vapor bubble is generated in Sec. III as shown by the time mark As soon as the vapor phase enters the unheated section, condensation of the vapor will begin. Within 1sec after the ejection, the liquid will begin to fall back into the test section (time mark t5). At first Sec. I is filled completely with liquid (time mark t6), in the next place Sec. II is filled completely (time mark t7) and finally Sec. III almost filled (time mark t8). In a moment the next ejection occurs (time marks t8 to t13), followed by liquid fall-back from above (starting from time mark t14), and the process is repeated. It is also indicated in Fig. 6 (a) that the inlet flow rate is directly related to the vapor formation in the test section, that is, the flow rate decreases with the growth of the vapor bubble, and increases upon liquid fall-back. It is considered that the sustained flow pulsation is accompanied by boiling oscillation.
This pattern of boiling was observed under conditions of natural circulation and also under forced convection at relatively low flow rates. In the case where steady boiling occurred with conditions of forced convection, this boiling type took the place of steady boiling when the pump was switched off. The inlet flow rate decreased with increasing violence of boiling.
Slug Ejection: The other violently pulsating boiling is shown in Figs. 3 (c) and 7 , which represents slug type ejections occurring preiodically, under forced convection. The flow pattern is shown in Fig. 7 (b) , which is derived from the variation of fluid resistance of each section shown in Fig. 7 (a) and signals of potential taps. The frequency of oscillation in the two patterns of pulsating boiling is plotted in Fig. 8 as a function of the outlet pressure of the test section.
It is seen that the frequency of boiling oscillation increases with pressure. 
Estimation of Quality from Experimental Results
The quality is roughly estimated from the experimental data as follows, where
